Introduction
Among the three main ethnic groups in the United Kingdom there is considerable disparity in the mortality rates from cardiovascular disease (CVD). The incidence of coronary heart disease (CHD) appears to be much higher among South-Asians, defined as people originating from the Indian subcontinent, compared with Caucasians. 1 Conversely, Afro-Caribbeans and people of African descent have an elevated risk of stroke 2 and end-stage renal failure, whereas CHD is less frequent.
Since the first studies which demonstrated clear blood pressure differences between African-Americans and white-Americans, 3 virtually every population-based study conducted in the United States has reported higher mean blood pressures at all ages, with a 1.5 to two-fold greater prevalence of hypertension, among African-Americans. [4] [5] [6] [7] [8] [9] [10] However, the data regarding elevated blood pressure and a greater prevalence of hypertension among ethnic groups in the UK is not as consistent as data from the US. In order to explain the ethnic differences in cardiovascular morbidity and mortality, various population-based studies in the UK have investigated ethnic differences in cardiovascular risk, in particular hypertension. 11, 12 In the majority of these studies, comparisons with Caucasians revealed significantly higher mean blood pressure levels amongst both Afro-Caribbean populations [15] [16] [17] 20, 21 and South-Asian men, 15, 16, 20, 21 and a higher prevalence of hypertension among both Afro-Caribbeans 12, 13 and South-Asians. [18] [19] [20] [21] However, four other British studies have reported no significant differences in mean blood pressures among the three main ethnic groups. [14] [15] [16] [17] [18] One other study revealed mixed findings, with significant differences in mean blood pressure between Afro-Caribbean and white day-shift workers but no significant differences among the night shift. 11 Further, two British studies have examined blood pressure levels in adolescents, since there has been speculation that levels of adult blood pressure may be determined in childhood. One found no evidence of ethnic differences among adolescents in terms of mean blood pressure or the prevalence of hypertension, 22 whilst the other found that adolescent white males had significantly higher mean systolic blood pressures than Afro-Caribbeans. 23 Given the inconsistency of findings from British studies concerning the prevalence of hypertension and elevated blood pressure levels among the three main ethnic groups in the UK, the present study, utilising the third UK largest cohort to date, provided a further test of whether mean blood pressure and the prevalence of hypertension varies among the two main ethnic minority groups in England compared with Caucasians among participants in the Birmingham Factory Screen project, Birmingham INTERSALT volunteers, and volunteers from four churches in the West Midlands.
Patients and methods

Study population
Data from the Birmingham Factory Screen project, the Birmingham components of the INTERSALT study, and data from four churches in the West Midlands were combined into a single database. The methods for both the Birmingham Factory Screen project 12 and INTERSALT have been described in more detail elsewhere. The data were collected over a period of 20 years, in the late 1970s and mid 1980s, but with identical methods employed in all three studies. All three studies were approved by the local ethics committee review board and all participants provided informed consent.
In summary, 2079 patients were recruited from 12 factories in Birmingham between 1979 and 1986 (1049 of whom were used in the analysis in reference 12). These factories were engaged in light-tomoderate manufacturing or engineering industry (listed under the Acknowledgements) and none had any known toxicological hazard associated with cardiovascular or respiratory disease. INTERSALT is a collaborative study on the relationship between blood pressure and sodium and potassium intake in more than 50 population samples from 32 countries. 24 All data were collected between 1984 and 1986. The data reported in the present paper refer only to the Birmingham participants (n = 208) and also the Birmingham volunteers (n = 522) who were screened as possible participants. INTERSALT followed a standardised protocol with common field methods in all 52 centres and centralised training and certification of researchers. In addition, 92 participants were recruited from four churches in the West Midlands between 1996 and 1997.
These sources yielded a combined data set of 2901 participants, comprising 208 INTERSALT participants and 522 INTERSALT screenees, 2079 people screened for the Birmingham Factory Screen project, and 92 participants from four West Midland churches. Since there were few South-Asian women (n = 24), and few men (n = 19) and women (n = 5) from other ethnic groups available for screening, their data were excluded from the present analyses. Accordingly, the effective sample population comprised 2853 participants.
Study design
The methods employed in all three studies were identical. Blood pressure was measured twice in the sitting position, with a Hawksley random zero sphygmomanometer after the participants had emptied their bladder and sat quietly for 5 min. Diastolic pressure was recorded at the disappearance of sound (phase V). The level of the false zero was then recorded; subtraction of this value from the observed value was performed later by computer to avoid arithmetic error in obtaining the adjusted reading. The mean value of the two resting blood pressures for each participant were used in the subsequent analysis.
In order to aid comparisons with other studies, hypertension was defined as systolic blood pressure (SBP) у160 mm Hg and/or diastolic blood pressure (DBP) у95 mm Hg, or blood pressure lower than this on antihypertensive medication, based on WHO criteria. 25 In all three components of this study, patients completed a general health questionnaire which elicited information on past and current cigarette smoking and alcohol consumption, and previous medical history, including hypertension and vascular disease, and current medication, including antihypertensive therapy. For the purposes of this study, self-reported smoking status was summarised as a dichotomous variable: non-current (never or past smoker) or current smoker. Alcohol consumption was recorded in units per week. Height and weight were measured in light clothing after removal of footwear. Body mass index (BMI) was calculated as weight (kg) divided by height (m 2 ). The ethnic origin of participants was assigned by the observer based on appearance and inquiry, into one of the following three groups: Caucasian, Afro-Caribbean, or South-Asian.
Statistical analysis
Statistical analysis was conducted using SPSS for Windows, version 8.0. 26 All statistical tests were two-tailed; P-values р0.05 were considered statistically significant. Age was stratified by decade using the direct method. Separate sex-specific analyses for mean SBP and DBP were carried out, excluding those on antihypertensive medication at screening. Caucasians were used as the reference group in all analyses. To test for differences in means between the three ethnic groups, categorical variables were assessed using Chi-square tests; continuous variables were assessed using analysis of variance and Tukey post-hoc tests for analyses involving men, and independent samples t-tests for analyses involv-ing women. Multiple logistic regression was used to assess the relationship between ethnic origin and the prevalence of hypertension, in separate sexspecific models.
Results
Age and gender
The summary demographic data for the 2853 persons screened, stratified by age in decades, is presented in Table 1 years. Overall, Afro-Caribbeans were significantly older than Caucasians (P Ͻ 0.0001), and South-Asians were significantly younger than Caucasians (P Ͻ 0.0001). However, when the mean age in the ethnic groups was calculated in separate sex analyses, age was stratified by decade (see Table 1 ), the There are 273 Afro-Caribbean men but two have no age or date of birth recorded. *P р 0.05; ***P Ͻ 0.0001.
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BMI, smoking, and alcohol consumption
There were no significant differences in the mean BMI among men in the three ethnic groups. AfroCaribbean women of all ages, however, had significantly greater mean BMIs than Caucasian women. South-Asian and Afro-Caribbean men aged 60 years and older, and South-Asian men aged 30 to 39 years had a significantly lower prevalence of smoking compared with Caucasian males, whereas AfroCaribbean men aged 40 to 49 years had a higher prevalence of smoking than Caucasians. There were no other differences in smoking among men between the ethnic groups. The prevalence of smoking was significantly higher in Caucasian women of all ages compared with Afro-Caribbean women. Caucasian men of all ages, except those aged 60 years and older, drank more units of alcohol per week on Journal of Human Hypertension average than South-Asian men. The mean weekly alcohol consumption was similar in Caucasian and Afro-Caribbean men. Only Caucasian men aged 60 years and older drank more units of alcohol per week on average than Afro-Caribbean men. AfroCaribbean men under 30 years of age drank more units of alcohol per week on average than Caucasians. Caucasian women of all ages except for those aged 50 to 59 years drank significantly more alcohol per week than Afro-Caribbean women. Table 2 presents the mean (s.d.) SBP and DBP, stratified by age in decades, ethnicity, and sex, excluding those participants on antihypertensive medication at screening (n = 166). Overall, Afro-Caribbean men and women had significantly higher mean SBPs, and Afro-Caribbean women significantly higher DBP, than Caucasians. In separate sex analyses, AfroCaribbean men and women aged 40 to 59 years had significantly higher mean SBP than Caucasians. In addition, South-Asian men aged 40 to 49 years also had significantly higher SBPs and DBPs than Caucasians. However, there were no other significant differences in DBPs between Afro-Caribbean and South-Asian men. Among Afro-Caribbean women aged 30 to 59 years DBPs were significantly higher compared with Caucasians.
Mean blood pressure levels
Prevalence of hypertension
The overall prevalence of hypertension was greater in both Afro-Caribbean men (30.8%) and women (34.4%) ( 2 test, both P Ͻ 0.001), than Caucasian men and women (19.4% and 12.9% respectively); South-Asian men had a similar overall prevalence One Afro-Caribbean man has no age or date of birth recorded, but in analyses involving all men he is included. *P р 0.05; ***P Ͻ 0.0001. rate to Caucasian men (16.0%). Figures 1 and 2 present the prevalence of hypertension among male and female participants respectively, stratified by age. Among younger men, the prevalence of hypertension is similar among the three ethnic groups. However, over the age of 40 years, Afro-Caribbeans have a higher rate of hypertension than Caucasians and South-Asians. The prevalence of hypertension is much higher in Afro-Caribbean women aged 30 years and older compared with Caucasians.
Multivariate analyses
Each of the following variables, age, BMI, current smoking status, and weekly alcohol intake, were entered individually into a multivariate logistic regression model along with ethnicity, in separate models for Afro-Caribbeans and South-Asians, to predict the risk of being hypertensive compared with Caucasians. The only significant predictors of being hypertensive were age, BMI, and ethnicity. In the final model, after controlling for age and BMI, the odds ratio associated with being hypertensive was 1.56 (95% CI, 1.14 to 2.13; P = 0.005) and 2.40 (95% CI, 1.51 to 3.81; P = 0.0002) for Afro-Caribbean men and women, respectively, and 1.31 (95% CI, 0.88 to 1.97; P = 0.19) for South-Asian men.
Discussion
The overall prevalence of hypertension was greater in both Afro-Caribbean men and women compared with Caucasians, with South-Asian men having largely similar rates of hypertension to Caucasians. Hypertension is usually evident at an earlier age in Afro-Caribbeans and those of African descent. 17, 27, 28 Indeed, Afro-Caribbean men aged 40 years and older, and Afro-Caribbean women aged 30 years and older, had a much greater prevalence of hypertension compared with Caucasians. In addition, AfroCaribbean men and women also had significantly higher mean SBP, and Afro-Caribbean women also had significantly higher DBP, compared with Caucasians. Further, after controlling for age and BMI, Afro-Caribbean men and women exhibited 1.6 to 2.4 times higher risk of hypertension than Caucasians. South-Asian men in this study were not at increased risk of hypertension compared with Caucasians. Thus, the present findings from the third largest UK cohort are consistent with the majority of previous studies which have found an increased prevalence of hypertension and/or higher mean blood pressures among Afro-Caribbeans, [4] [5] [6] [7] [8] [9] [10] 12, 13, 15, 17, [19] [20] [21] but not among South-Asians, 6 ,9,10,12,13 in both the US and the
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UK. For example, in the Third National Health and Nutrition Examination Survey (NHANES-III), 4 collected from 1988 through 1991, 24% of the US adult population representing 43 186 000 persons had hypertension: the age-adjusted prevalence in the non-Hispanic black, non-Hispanic white, and Mexican American populations was reported as 32.4%, 23.3%, and 22.6%, respectively. The figures in the non-Hispanic black and non-Hispanic white groups are fairly consistent with the present data.
In keeping with previous studies, Afro-Caribbean women in the present study had higher mean BMIs compared with Caucasians. 12, 13, 17, 19, 21 However, Caucasians had higher rates of smoking 13, [18] [19] [20] [21] and consumed more units of alcohol per week on average than either Afro-Caribbeans or SouthAsians. 13, 18, 20, 21 Nevertheless, after controlling for risk factors such as age, BMI, smoking, and alcohol consumption, ethnic variation in the prevalence of hypertension could not be explained by these variables in the present study. There were no significant differences on any of these variables between AfroCaribbean and Caucasian men, except those aged 60 years and older. Similarly, among black women aged 30 years and older, the prevalence of smoking and mean weekly alcohol intake were significantly lower, although mean BMI were significantly higher.
Traditionally smoking has been less common amongst people originating from the Indian subcontinent in the UK. 16, [29] [30] [31] However, there is some evidence that more Asian men, particularly in the Bangladeshi community, are now regular heavy smokers.
14 A recent report found low smoking rates among both West African men and women compared with Caribbeans. 19 Low rates were also found in South Asian women and Hindu men compared with Muslim men. 19 Recent comparisons between migrant Indian Asians and their non-migrant siblings indicate significantly higher smoking rates in migrant Indian Asians.
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Limitations
The present study has several limitations. First, the data were collected over a period of 20 years, although the vast majority was collected in the late 1970s and mid 1980s with identical methods employed in all three studies. Second, during the past two decades there have been changes in pharmacological therapy available for the treatment of hypertension. This, in combination with the increase in detection of hypertension, has undoubtedly influenced the control of hypertension with associated reductions in CVD mortality. The Hawksley random zero sphygmomanometer, used to eliminate observer bias in blood pressure measurement was used in all three studies. However, there have been some criticisms concerning the underestimation of blood pressure levels using this method, 33, 34 although many others still support its value and use in clinical practice and epidemi-ology. [35] [36] [37] Finally, social class, based on occupational group, was not formally assessed in the present study, since the vast majority of participants belonged to lower social classes (that is, UK Registrar General Classes III to IV). Very few studies have investigated the association between blood pressure and socio-economic status among ethnic groups in the UK. 17, [19] [20] [21] Although some studies have shown that Afro-Caribbean people from similar socio-economic groups to Caucasians have higher blood pressures, such differences are abolished after controlling for confounders such as BMI. 17, [19] [20] [21] We also recognise that the South Asian population may be a heterogeneous group, with reported differences in risk factors between the various subgroups; 38 nevertheless the present study was based in a population which was fairly homogeneous, with most (Ͼ90%) being Punjabi and a minority being Bangladeshi. Furthermore, such broad observer-based ethnic categorisation is not necessarily scientifically rigorous, as a Scottish Highland crofter, Swedish businessman and Italian farmer would all be very different culturally and socio-economically, but would all be classed as 'Caucasian'.
In conclusion, the present findings are consistent with community studies from the US [5] [6] [7] [8] [9] [10] and the majority of previous population-based studies from the UK which have found an increased prevalence of hypertension and/or higher mean blood pressures among Afro-Caribbeans, 12, 13, 15, 17, [19] [20] [21] but not among South-Asians. 12, 14, 18, [20] [21] CVD is largely preventable by reduction of modifiable risk factors. However, effective prevention requires total risk factor identification, treatment, and management rather than intervention of single risk factors. Since a growing proportion of people from ethnic minorities are UK-born, epidemiological research among secondgeneration Asians and Afro-Caribbeans is necessary to re-examine the prevalence of risk factors and cardiovascular disease, to identify how disease patterns may be changing, so that interventions may be correctly targeted.
